SUMMARY Jejunal biopsies from patients with coeliac disease and from controls were cultured in vitro for 24 hours with '4C-labelled leucine. The net rate of protein synthesis was found to be linear over 24 hours for mucosa from control subjects and patients with coeliac disease. Protein synthesis by mucosa from untreated coeliac patients was significantly greater than by control mucosa. Protein synthesis by treated gluten-sensitive coeliac mucosa was significantly less than that by untreated coeliac mucosa and did not differ from control mucosa. Protein synthesis by treated non-responsive coeliac mucosa was significantly less than untreated coeliac mucosa but greater than control mucosa. The differences in protein synthesis could not be accounted for by differences in the size of the enterocyte leucine pool. Analytical subcellular fractionation of cultured jejunal mucosa showed that most of the protein synthesised in vitro was found in the cytosol and endoplasmic reticulum-brush border fractions of the enterocyte.
In coeliac disease the enterocytes show marked structural abnormalities on both light and electron microscopy.' Little is known, however, of enterocyte function in coeliac mucosa and we have therefore developed a reliable in vitro organ culture technique for small intestine2 in order to investigate functional abnormalities in intestinal mucosa from patients with coeliac disease. Protein synthesis was measured in mucosa from control subjects and patients with coeliac disease both before and after treatment by gluten withdrawal in order to define the cytopathology of the disease and to investigate further enterocyte function in patients unresponsive to treatment with a glutenfree diet. 10 February 1981 treated gluten-sensitive coeliac disease (13) , and patients unresponsive to treatment with a gluten free diet (7).3 4 The clinical details of the patients with malabsorption and a flat mucosa unresponsive to a gluten free diet have been described in detail elsewhere.5 At the time of study, the patients had been on a strict gluten free diet for up to five years and were not receiving zinc supplements or on corticosteroid treatment. Patients undergoing investigation for suspected gastrointestinal disorders, whose jejunal morphology was normal, served as controls (11).
Methods
Seven patients with untreated coeliac disease were studied before and after successful treatment by gluten-withdrawal. Jejunal Analytical su!bcellular fractionation of jejunal biopsies was carried out, before and after culture, as described previously. 7 The experiments described in this paper had been approved by the local ethical committee. Statistical analysis of results was carried out with the Wilcoxon rank sum test.
Results
In vitro incorporation of 14C-leucine into TCAprecipitable protein was found to be linear during 24 hour culture both for normal and untreated coeliac mucosa (Fig. 1 ). Protein synthesis ( Analytical subcellular fractionation (Fig. 4) of control mucosa cultured in the presence of 14C-leucine shows most of the labelled protein in the soluble fractions with an additional peak at modal density 1.16. Similar studies (not shown) with cultured treated gluten-sensitive coeliac mucosa and treated non-responsive coeliac mucosa also showed a similar sucrose gradient distribution of radio-labelled protein. The Recoveries range from 87 to 104%.
Discussion
These data show that, during 24 hour culture, protein synthesis by mucosa from both control sub-625 r.
jects and patients with coeliac disease is linear with respect to time. Most of this net protein synthesis takes place in the enterocyte, as has been shown by autoradiographic studies of cultured mucosa where the enterocytes are seen to be densely labelled, while the cells of the lamina propria contain little label.2 Similar results were obtained by Hauri and colleagues8 who used a different organ culture technique. Untreated coeliac mucosa shows a greater rate of protein synthesis than control mucosa and this may reflect the immaturity of the enterocytes lining the villous. This increase in total protein synthesis contrasts with the decrease in alkaline phosphatase synthesis shown by untreated coeliac mucosa in culture.9
Treated gluten-sensitive coeliac mucosa shows a protein synthetic rate which is less than untreated coeliac mucosa and not significantly different from control mucosa; this presumably reflects the greater maturity of the enterocytes lining the regenerated villi. The sequential studies in seven patients confirm the fall in the rate of protein synthesis which occurs when gluten withdrawal results in villous regeneration. Coeliac mucosa, unresponsive to treatment with a gluten free diet, shows a protein synthetic rate greater than normal mucosa but less than untreated coeliac mucosa. In coeliac disease, unresponsive to treatment with a gluten free diet, the jejunal morphology shows subtotal villous atrophy, and, while there is much discussion concerning the nature of this disorder, it does appear to be a distinct entity. The marked differences in protein synthesis between the untreated coeliac and unresponsive coeliac groups of patients, both with subtotal villous atrophy, is additional evidence supporting this classification.
The tissue: medium ratio of labelled protein after culture period (range 60-6.5 It is unlikely that the increase in incorporation of 14C-leucine into protein shown by untreated coeliac mucosa is a reflection of a decreased enterocyte leucine pool. In fact, amino acid analysis shows that the free leucine in the untreated coeliac mucosa is slightly higher than control mucosa. Similarly, the fall in protein synthesis by treated gluten-sensitive mucosa cannot be accounted for by differences in leucine pools.
From the data obtained on analytical su'bcellular fractionation, it appears that the protein synthesised in vitro is present mainly in the soluble part of the cytoplasm and, to a lesser extent, attached to the endoplasmic reticulum and brush border of the cultured enterocyte. The proportions are similar in all patient groups. In individual experiments it is possible to distinguish between endoplasmic reticulum and brush border components: labelled protein appears to be mainly associated with the endoplasmic reticulum. It is therefore of interest that autoradiographic studies show'that the brush border is quite heavily labelled after culture with 14C-leucine2 and the explanation for this paradox is uncertain. It may reflect detachment of adsorbed soluble proteins from the brush border by the subcellular fractionation procedure.
